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(57) ABSTRACT 

A tape has a component of magnetization pointing out of a 
plane of the tape. To write a pulse of a servo pattern to the tape, 
the tape is passed over a write head with a conventional write 
gap. Current having a fixed polarity is provided to the write 
head. Once the current achieves a desired value, the current is 
no longer provided to the write head. 
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METHOD FORWRITING ASERVO PATTERN 
INTAPE 

BACKGROUND 

0001 1. Field of the Invention 
0002 The invention relates to methods for writing servo 
patterns in tapes. 
0003 
0004 Some recording tapes include a thin layer, e.g., <150 
nm, containing Small, e.g., <60 nm, acicular magnetic metal 
particles. The particles are coated onto a plastic base film 
typically using a slightly thicker under layer to Smooth the 
intrinsic roughness of the base film material. The particles in 
this type of media typically have a packing fraction of about 
40%-60%. Tape manufacturers attempt to align the particles 
along a longitudinal tape direction when coating the tape. 
This results in a tape which has an in-plane magnetic moment 
and noise properties that are largely dictated by particle size, 
particle distribution, coating uniformity, and Surface rough 
CSS. 

0005. The read back pulse width, pulse shape, and intrin 
sic signal to noise ratio of prerecorded servo patterns written 
in these tapes are limited by the tape's intrinsic recording 
characteristics. An example of Such a servo read back signal 
is shown in FIG.1. An enlarged portion of a pair of pulses of 
this signal is shown in FIG. 2. Timing based servo control 
systems use the timing and position of the peaks of the read 
back signal to determine the position of the head relative to 
the prerecorded servo pattern. 
0006. Other recording tapes include different types of par 

ticles, e.g., barium-ferrite or iron nitride, and coatings, e.g., 
advanced metal evaporated or sputtered. The use of these 
particles and coatings may increase linear density because the 
magnetic transitions between bits of data written as regions of 
opposite magnetic polarity are much narrower than those in 
metal particle tape. Due to the nature of these types of coat 
ings, however, conventional methods used to write pre-re 
corded servo patterns produce large baseline offsets between 
the written transitions as well as marked asymmetry in the 
pulse shapes as shown in FIG. 3. An enlarged portion of a pair 
of pulses of this signal is shown in FIG. 4. 

2. Discussion 

SUMMARY 

0007. A tape having a reduced in-plane or perpendicular 
anisotropy may be moved over a write head. A series of 
consecutive servo pulses are written by, for each servo pulse 
in the series, turning on a current to the write head to magne 
tize a region of the magnetic coating of the tape and turning 
off the current. The currents each have the same fixed polarity. 
0008. A tape having a magnetic coating and a component 
of magnetic moment generally perpendicular to a plane of the 
tape may be passed over a write head. A pulse of current 
having a constant direction is provided to the write head to 
magnetize a region of the magnetic coating of the tape to write 
a pulse of a servo pattern in the tape. 
0009 While exemplary embodiments in accordance with 
the invention are illustrated and disclosed, such disclosure 
should not be construed to limit the claims. It is anticipated 
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that various modifications and alternative designs may be 
made without departing from the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is an exemplary plot of a pre-recorded servo 
pattern written in metal particle media and read back using a 
conventional servo reader. 
0011 FIG. 2 is an enlarged portion of the pre-recorded 
servo pattern of FIG. 1. 
0012 FIG.3 is an exemplary plot of a read-back waveform 
from a pre-recorded servo pattern written in an advanced 
media with a perpendicular anisotropy using conventional 
techniques and read-back using an ultra-narrow servo reader. 
0013 FIG. 4 is an enlarged portion of the pre-recorded 
servo pattern of FIG. 3. 
0014 FIG. 5 is an exemplary plot of a read-back waveform 
of transitions written in advanced media with a perpendicular 
anisotropy using conventional (left of figure) and pulsed field 
techniques (center of figure). 
0015 FIG. 6 is an exemplary plot of a read-back waveform 
from a pre-recorded servo pattern written in an advanced 
media with a perpendicular anisotropy using pulsed field 
techniques and read back using an ultra-narrow servo reader. 
0016 FIG. 7 is an enlarged portion of the pre-recorded 
servo pattern of FIG. 6. 
0017 FIG. 8 is a side view, in cross-section, of an exem 
plary conventional recording tape. 
0018 FIG. 9 is an enlarged side view, in cross-section, of 
a portion of the recording tape of FIG.8. 
0019 FIG. 10 is enlarged side view, in cross-section, of a 
portion of an advanced media recording tape. 
0020 FIG. 11 is a flow chart of a method for writing a 
servo pattern in a tape according to certain embodiments of 
the invention. 
0021 FIG. 12 is another flow chart of a method for writing 
a servo pattern in a tape according to certain embodiments of 
the invention. 

DETAILED DESCRIPTION 

0022. Increased data rates and cartridge capacity are desir 
able in tape drives. Increases in cartridge capacity may be 
achieved by increasing the linear data density and the number 
of data tracks written across the width of the tape. Increasing 
both of these, however, presents several technical issues. 
0023. As an example, the maximum achievable linear den 
sity is currently limited by the intrinsic media properties. 
Increases in linear density may be made through improve 
ments in the media properties. For example, it has been 
reported that an advanced barium-ferrite particulate tape with 
a Smooth Surface, thin magnetic layer and finely dispersed 
particles yields a signal to noise ratio of 23.5 dB at 200 kfci 
and a read back pulse width of 172 nm. Such a tape was 
estimated to be capable of achieving a recording density of 7 
Gb/in with an EPR4 channel. 
0024. As another example, the ability to actively and accu 
rately position the recording head relative to the recorded 
tracks on the tape requires the head position relative to the 
tape to be identified. This may be accomplished by the record 
ing head reading pre-recorded servo patterns on the tape. As 
explained below, however, conventional methods for writing 
servo patterns in advanced media are ineffective. 
0025 Techniques described herein address issues associ 
ated with writing accurate servo patterns in advanced media 
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and improves the quality of the servo patterns in these media. 
These improvements may enable accurate track following in 
future tape drive systems. 
0026. A method for writing servo patterns in magnetic 
recording tape having an out-of-plane magnetic moment is 
described. Such servo patterns enable the accurate position 
ing of a recording head relative to the tape using a suitable 
head actuator assembly and servo control system. Narrow 
transitions can be achieved in tape having, for example, a 
magnetic moment perpendicular to the plane of the tape by 
writing short field pulses. These pulses may be produced by a 
servo write head. 
0027 FIG. 5 shows, at the left, read back waveforms from 
transitions written using a conventional writing method, e.g., 
no return on Zero (NRZ), and a conventional write head. In the 
NRZ writing method, a digital one is encoded in one direction 
of magnetization and a digital Zero is encoded in the opposite 
direction of magnetization. FIG. 5 also shows, at the center, 
read back waveforms from transitions written using the 
pulsed field technique. The transitions were written using a 
conventional write head with a narrow write gap. The width of 
the pulse used to write the transition at the center of FIG. 5 
was increased. The combination of the head's write field 
gradient and the tape's intrinsic magnetization results in 
extremely narrow written transitions with commensurately 
narrow read back pulses. It is further possible to optimize the 
read back pulse width and amplitude, for a given tape type, 
through design of the write head and pulse length. 
0028 Servo patterns may be written in advanced media 
having a perpendicular anisotropy using the pulsed field tech 
nique. FIG. 6 shows two Such servo bursts, each consisting of 
eight transitions. An ultra-narrow servo reader was used to 
read the pre-recorded pattern. 
0029 FIG. 7 shows an enlarged portion of two of the 
pulses that make up one of the servo bursts shown in FIG. 6. 
FIGS. 2 and 7 have the same time scale. The same tape speed 
was used to read both servo patterns. Unlike the pair of pulses 
of FIG. 2, the two pulses of FIG. 7 are substantially uni-polar. 
0030 The pulsed field technique produces significantly 
narrower and better defined read back pulses compared to 
conventional methods and media. Although there is a clear 
asymmetry in the amplitudes, accurate servo timing data can 
be obtained using peaks of only one polarity, e.g., the negative 
going pulses. 
0031. This pulsed field technique may be extended to writ 
ing multiple independent servo bands with any azimuthal 
angle using a suitable servo write head similar to those cur 
rently used in the tape drive industry. 
0032 Timing based servo patterns can be written, using a 
conventional narrow gap write head, in tape media with a 
longitudinal or in-plane anisotropy, for example, by ramping 
up the write current, with one polarity, to a maximum and then 
ramping down the write current, with an opposite polarity, to 
a minimum. This will produce the exemplary pair of pulses as 
shown in FIG. 2 which were written using a conventional 
writing technique. In advanced media having a reduced in 
plane or out of plane anisotropy, this conventional writing 
technique and writer will result in highly distorted and asym 
metric wave forms as shown in FIG. 4. 
0033 FIG. 8 is side view, in cross-section, of a conven 
tional recording tape 10. The recording tape 10 includes a 
base film 12, e.g., PET, PEN or Aramid, a back coat 14, an 
under layer 16, and a metal particle magnetic coating 18. The 
magnetic coating 18 may be manufactured by particle depo 
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sition, evaporation, Sputtering, or any other known technique. 
The coating technique dictates the magnetic properties of the 
magnetic coating 18. Some of the coating techniques may be 
preferred to others with regard to the recording characteristics 
of the magnetic coating 18. 
0034 FIG. 9 is an enlarged side view, in cross-section, of 
the magnetic coating 18. The magnetic coating 18 includes 
acicular magnetic particles 20 which have an intrinsic size 
distribution. Magnetic transitions 22 are written into the mag 
netic coating 18 using a conventional write head and conven 
tional writing techniques. The combination of the in-plane 
anisotropy (as indicated by arrow) of this type of media and 
the recording characteristics of conventional write heads 
results in transitions which are out of plane at the magnetic 
cell boundaries. In such cases, the read back signal is pro 
duced by the magnetic fringing field at the transition edges. 
0035. The maximum linear recording density of this type 
ofmedia is limited by the size of the magnetic particles 20 and 
the demagnetizing fields at the transitions 22. For example, if 
the transitions 22 are packed too tightly, they demagnetize. 
0036. There is no vertical component of magnetization 
emanating from the magnetic coating 18 in the regions 
between the written transition edges 22. This can also in be 
seen in FIG. 1 where the read back signal does not detect any 
perpendicular magnetization component in the regions 
between the written transition edges. 
0037 FIG. 10 is an enlarged side view, in cross-section, of 
a portion of an advanced media recording tape 24. The record 
ing tape 24 includes an under layer 26 and magnetic coating 
28 with an out-of-plane anisotropy (as indicated by arrow). 
The magnetic field emanates from transitions 30 and is 
enhanced at the junction/boundary between regions of oppo 
site polarity rather than “fringing as in media, such as 
recording tape 10 (FIGS. 8 and 9), having magnetization in 
the plane of the Surface of the magnetic coating. Writing servo 
patterns using a conventional narrow gap write head in media, 
Such as recording tape 24, with very narrow field pulses that 
do not Swing around a Zero write current results in narrow 
transitions with a substantial vertical field component. This 
substantially narrows the effective read-back pulse width and 
increases the amplitude of the read back pulse. As such, 
ultra-high linear density media formulations may be used. 
0038 FIG. 11 is a flow chart of a method for writing a 
servo pattern in a tape. At step 32, the tape is erased. For 
example, the tape may be DC erased. DC erasing magnetizes 
the magnetic particles in generally the same direction. The 
tape may also be AC erased. AC erasing magnetizes the mag 
netic particles in generally random directions. At step 34, the 
servo pattern is written. If the tape is DC erased, the polarity 
of the current to write the pattern may be selected to oppose 
the direction of magnetization of the magnetic particles. 
0039 FIG. 12 is a flow chart of a method for writing a 
servo pattern in an advanced media tape. At step 36, the 
advanced media tape is brought up to speed. For example, an 
advanced barium-ferrite particulate tape is brought up to a 
speed of at least 8 meters per second. At step 38, a current 
having a constant direction is permitted to flow to the write 
head. For example, a current having a positive polarity is 
permitted to flow to the write head. At step 40, it is determined 
whether the current has achieved a desired value. For 
example, it is determined whether the current has achieved a 
value of at least 25 milliamps. Ifno, the method returns to step 
38. If yes, at step 42, the current is no longer permitted to flow 
to the write head. For example, the current is turned off. At 
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step 44, it is determined whether the servo pattern is com 
plete. If no, the method returns to step 38. If yes, the method 
ends. 
0040. While embodiments of the invention have been 
illustrated and described, it is not intended that these embodi 
ments illustrate and describe all possible forms of the inven 
tion. Rather, the words used in the specification are words of 
description rather than limitation, and it is understood that 
various changes may be made without departing from the 
spirit and scope of the invention. 
What is claimed is: 
1. A method for writing, with a write head, a portion of a 

servo pattern to a tape having a magnetic coating and a com 
ponent of magnetic moment generally perpendicular to a 
plane of the tape, the method comprising: 
moving the tape over the write head; and 
writing a series of consecutive, Substantially uni-polar 

servo pulses by, for each servo pulse in the series, turning 
ona current to the write head to magnetize a region of the 
magnetic coating of the tape and turning off the current 
wherein the currents each have the same fixed polarity, 
thereby writing a portion of the servo pattern to the tape. 

2. The method of claim 1 wherein the magnetic coating has 
magnetic particles, further comprising DC erasing the tape to 
magnetize the magnetic particles in a generally uniform 
direction. 

3. The method of claim 2 wherein the polarity of the cur 
rents generally oppose the uniform direction of the magnetic 
particles. 

4. The method of claim 1 wherein the magnetic coating has 
magnetic particles, further comprising AC erasing the tape to 
magnetize the magnetic particles in generally random direc 
tions. 

5. The method of claim 1 wherein turning on the current 
includes ramping the current to a predetermined value. 

6. The method of claim 5 wherein the current is turned off 
once the current achieves the predetermined value. 

7. The method of claim 1 wherein each of the servo pulses 
is a Substantially uni-polar pulse. 

8. A method for writing, with a single narrow gap write 
head, a portion of a servo pattern in a tape having a magnetic 
coating and a component of magnetic moment generally per 
pendicular to a plane of the tape, the method comprising: 
moving the tape over the single narrow gap write head; and 
providing a series of consecutive pulses of current having 

the same fixed polarity to the write head to magnetize a 
region of the magnetic coating of the tape, thereby writ 
ing a portion of a servo pattern in the tape. 
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9. The method of claim 8 wherein the magnetic coating has 
magnetic particles, further comprising DC erasing the tape to 
magnetize the magnetic particles in a generally uniform 
direction. 

10. The method of claim 9 wherein the fixed polarity of the 
currents generally opposes the uniform direction of the mag 
netic particles. 

11. The method of claim 8 wherein the magnetic coating 
has magnetic particles, further comprising AC erasing the 
tape to magnetize the magnetic particles in generally random 
directions. 

12. The method of claim 8 wherein providing a series of 
consecutive pulses of current includes ramping the current to 
a predetermined value. 

13. The method of claim 12 wherein providing a series of 
consecutive pulses of current further includes cutting the 
current once the current achieves the predetermined value. 

14. A method for writing a pulse of a servo pattern in a tape 
with a write head, the method comprising: 

passing, over the write head, a tape having a magnetic 
coating and a component of magnetic moment generally 
perpendicular to a plane of the tape; and 

providing a pulse of current having a constant direction to 
the write head to magnetize a region of the magnetic 
coating of the tape to write a pulse of a servo pattern in 
the tape. 

15. The method of claim 14 wherein the magnetic coating 
has magnetic particles, further comprising DC erasing the 
tape to magnetize the magnetic particles in a generally uni 
form direction. 

16. The method of claim 15 wherein the constant direction 
of the current generally opposes the uniform direction of the 
magnetic particles. 

17. The method of claim 14 wherein the magnetic coating 
has magnetic particles, further comprising AC erasing the 
tape to magnetize the magnetic particles in generally random 
directions. 

18. The method of claim 14 wherein providing a pulse of 
current includes ramping the current to a predetermined 
value. 

19. The method of claim 18 wherein providing a pulse of 
current further includes reducing the current once the current 
achieves the predetermined value. 

20. The method of claim 1 wherein the write head has a 
write gap of less than 1 micron. 
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